Basel II bank capital regulations are designed to be substantially more risk sensitive than the current regulations. In the United States, only the largest banks would be required to adopt Basel II; other depositories could choose to adopt such standards or to remain under the Basel I capital standards. We consider possible effects of this two-pronged or "bifurcated" approach on the market for residential mortgages. Specifically, we analyze whether those institutions that adopt Basel II will enjoy lower costs than nonadopters and whether they have an incentive to retain mortgages in their own portfolios. We find that (1) despite the large differences in regulatory capital requirements between adopters and nonadopters, it is unlikely that there will be any measurable effect of Basel II implementation on most mortgage rates and, consequently, any direct impact on the competition between adopters and nonadopters for originating or holding residential mortgages; (2) the most significant competitive impact may be felt among mortgage securitizers; and (3) adopters might have increased profits from some mortgages relative to nonadopters because they will capture some of the deadweight losses that occur under the current regulatory regime, but nonadopters would likely retain their market shares. JEL Classification Codes: G18, G21
Introduction
In this paper we study the potential effect of the transition from Basel I to Basel II, one of the largest changes to U.S. bank capital regulation, on the market for residential mortgages, one of the largest loan markets. We develop a theoretical model that allows us to characterize how changing capital regulations might affect equilibrium outcomes in the primary and secondary markets: We then apply this model to the residential mortgage market using various data sources. Broadly speaking, we find that bank capital requirements do not significantly affect equilibrium outcomes in the mortgage market because market participants already effectively manage their regulatory capital requirements under the current regime using secondary markets. However, the switch to the more risk-sensitive Basel II regulations has the potential to heighten competition between intermediaries (e.g., banks) and securitizers.
In 2012, U.S. depository institutions will begin to operate under a so-called bifurcated capital regime:
1 the larger institutions will likely be subject to a new set of capital rules (Basel II) and all others will operate under the current capital rules, which are based on Basel I. The greater risk sensitivity of Basel II is expected to lower the regulatory capital requirements on the credit risk of most residential first-lien mortgages, although it may also raise them on the riskiest mortgages. The depositories that remain under the current capital regime, which imposes a 4 percent regulatory capital charge on all residential mortgages regardless of risk, are thus expected to face higher regulatory capital requirements on their residential mortgage portfolios than those that Basel II adopters would face. The difference in capital treatment has been criticized as placing those who do not adopt Basel II at a competitive disadvantage in the residential mortgage credit market. 4 The bifurcated approach will test the effect of bank capital regulations. If the regulations affect mortgage market outcomes, the lower regulatory capital requirements under Basel II may result in a cost advantage for the institutions that adopt them. The cost advantage, in turn, may translate into (1) a pricing advantage for adopters in mortgage markets, who may then increase their market share of originations at the expense of nonadopters, or (2) an increase in the adopters' profits that would give them greater competitive strength in all credit markets. In addition, some analysts have reasoned that, regardless of the effect on mortgage interest rates, the greater risk sensitivity in Basel II capital requirements for residential mortgages could provide incentives for adopters either (1) to retain in their own portfolios mortgages that they now -3-securitize, or (2) to outbid the GSEs and provide credit risk protection on low-risk mortgages in securitization markets. 5 Our research, however, does not support the view that bank capital requirements influence equilibrium outcomes in the mortgage market. First, we find that Basel II implementation is unlikely to have any measurable effect on mortgage rates paid by borrowers and, consequently, any direct effect on the competition between adopters and nonadopters for originating or holding residential mortgages. The market has already effectively adjusted to a lower regulatory capital charge by using GSE guarantees and other forms of securitization and by blending higher-and lower-risk mortgage portfolios to arbitrage the current one-size-fits-all capital regulations. We show that current regulations require much more capital backing for most residential mortgages than secondary market investors require, providing a powerful incentive for banks to sell mortgages into the secondary market. (However, as we discuss in section 3, a simple comparison of capital charges faced by depositories and securitizers is not enough to determine the extent of such regulatory capital arbitrage, because frictions such as adverse selection will limit the ability of market participants to trade credit risk.)
Second, the most significant competitive effect might be the pressure that adopters put on GSEs to lower their guarantee fee for prime mortgages. We find that almost 90 percent of prime mortgages might have a lower regulatory capital charge for adopters than is currently imposed on GSEs.
Third, adopters of the Basel II (Advanced Internal Ratings Based) approach nevertheless may increase their profits from some mortgages relative to nonadopters because they will capture some of the deadweight losses that occur under the current regulations imposed on depositories and on securitizers. 6 However, only relatively few mortgages would likely be affected, and mortgage rates would remain unchanged, particularly in the near-term. Importantly, the increased profits for adopters would not be direct income transfers from nonadopters of the new framework; instead, the adopters would capture the deadweight losses. 7 The balance of this paper provides theoretical and empirical support for these conclusions.
Section 2 describes the current (Basel I-based) and proposed (Basel II) capital standards for mortgages.
Section 3 provides our conceptual framework for analyzing the potential competitive effects of the bifurcated application of Basel II in the United States. Section 4 analyzes the effects of implementing Basel II in this manner on various segments of the U.S. mortgage market. Section 5 concludes with an evaluation of the potential competitive effects among depositories and GSEs.
-5-case of residential mortgages, the probability of default (PD) for each mortgage pool and the likely size of the loss that would be incurred in default (that is, the loss given default or LGD). 8 These estimates of default probability and loss severity will be components of regulatory formulas used to determine the minimum capital required to back the credit risk on a given portfolio.
The Basel II capital requirements proposed for first-lien residential mortgages were calibrated with economic capital estimates derived using the Federal Reserve Board (FRB) credit risk model. The FRB model estimates PDs, LGDs, and economic capital for various credit score-loan-to-value (LTV) pairs using (1) a target insolvency rate consistent with historical default rates in the ratings range of BBB+ to A-and (2) expected loss estimates that are based on the PD estimates and on recession-based
LGDs. 9 For convenience we collapse a hypothetical mortgage portfolio's average credit score and LTV into a scalar index of credit quality, where higher values indicate better quality (lower risk). Figure 1 (top panel) presents our economic capital estimates (as gray diamonds on the vertical axis) for 184 hypothetical mortgage portfolios of different credit quality against their credit quality index (shown on the horizontal axis). 10 Estimated regulatory capital charges under Basel II for the same mortgage portfolios are shown by the black dots in the figure. 11 By design, the outer boundary of the Basel II regulatory capital estimates (the solid black line) is a fairly close approximation to the economic capital estimates from the FRB credit risk model, except for riskiest mortgages, which carry a higher capital charge.
The bottom panel of figure 1 compares the proposed Basel II capital requirements with current regulatory capital requirements, including the Basel I and GSE capital requirements. 12 Under Basel I, most mortgages that are fully secured by first liens on one-to four-family residential properties face a minimum "total risk-based" capital requirement equal to 4 percent of assets, regardless of their credit quality (the horizontal dashed black line). Clearly, the Basel II capital requirements (the solid black line, repeated from the top panel) are more sensitive to credit risk than the Basel I capital requirements, in that they are higher for riskier loans and lower for safer loans.
Basel I rules typically require far less capital for mortgages held in the form of mortgage backed securities (MBS) as opposed to mortgages held directly on depository balance sheets. MBS guaranteed by the GSEs carry a risk weight of 20 percent, and private-label MBS rated 'A' or better carry a risk weight of 50 percent. Thus, a pool of mortgages that would carry a capital charge of 4 percent would, if guaranteed by a GSE, carry a capital charge of 1.6 percent (shown as the dash-dot horizontal line). Of course, in this case the depository would have to pay the GSE guarantee fee. As shown by the horizontal black line, the GSE minimum capital requirement for credit risk is 45 basis points. Roughly speaking, then, a dollar's worth of mortgage consumes 4 cents of capital when held directly by a depository but only 2.05 cents of capital (1.6 cents from the depository and 0.45 cents from the GSE) when sold to a GSE and held as MBS. More generally, the Basel I risk weights on financial assets (such as MBS) depend on the -6-asset's rating, as shown in the top panel of table 1. (In section 3 we discuss how frictions such as adverse selection affect the equilibrium volume of securitization.)
The risk weights for financial assets under Basel II depend on credit ratings, the effective number of underlying exposures, and the seniority of the position (see table 1 , bottom panel). Thus, for example, for a senior position in a AAA-rated security (such as a GSE MBS), a Basel II adopter would be required to hold 0.07 times 0.08 (or 56 basis points) in capital. These financial asset risk weights are used only when the implied capital requirement is smaller than the capital requirement derived using the supervisory formula because, in the Basel II framework, the maximum regulatory capital required for a securitization exposure is set equal to the amount that would have been required had the exposure not been securitized.
Under the Basel I framework, whole mortgages held in the depository institution's portfolio are subject to the same amount of regulatory capital regardless of the credit risk of the portfolio, but equivalent MBS can be backed by less capital. Most estimates of the economic capital needed to support the credit risks of typical mortgages are well below the 4 percent regulatory capital required. 13 Consequently, the mismatch between economic capital measures and regulatory capital requirements has provided a strong incentive to trade mortgages for equivalent MBS, thereby pushing mortgages off the balance sheets of the originating depository institutions and into the secondary markets.
14 The Basel II capital charges shown here are designed to cover only unexpected credit losses;
depositories are expected to provide capital separately to cover expected losses. In contrast, Basel I capital charges are designed to cover both expected and unexpected losses. Thus, to make the Basel I and
Basel II capital charges shown in figure 1 comparable, one has to add the capital required to back expected losses to the Basel II charges. We consider this extra charge in our measure of prudent economic capital, below.
Prudent Economic Capital
Prudent economic capital is our approximation of what a prudent manager with an economic capital allocation system would hold given the predictability of potential credit losses over a business cycle. Our estimates of Basel II regulatory capital are probably lower than the total amount of capital that a depository would actually hold against the credit risk of mortgage pools. First, some depositories will choose a target insolvency rate that is consistent with a better rating than an A-. 15 Second, investors are aware that the dependence across risk exposures may be driven by more than a single systematic risk factor. 16 Third, potential errors in credit modeling will need to be covered by a capital charge partly because proprietary models will not be completely transparent to investors.
We proxy prudent capital with the sum of the FRB credit risk model estimate of economic capital and an estimate of expected loss (defined as the probability of default times the loss given default, or PDCLGD) that uses an LGD set equal to loss severity rates when credit losses are particularly high. 17 In -7-figure 1 (bottom panel), these capital levels are represented by light gray squares. The corresponding dashed light gray line, which is a line drawn through these estimates of prudent economic capital, generally lies everywhere above the Basel II capital requirements. Thus, our estimates of prudent capital are consistent with the view that risk managers and market participants may hold more capital than the minimum Basel II regulatory capital estimates. To the degree that credit rating agencies rely on prudent economic capital (as opposed to the regulatory minimums) as the support for a high rating on MBS, it becomes the effective market-based capital requirement for mortgages that tend to be securitized.
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By using the credit loss distribution generated by the FRB credit risk model in our estimate of prudent economic capital, we are assuming that managers of depository institutions would use their own model-based estimates of credit losses for their decision making, rather than using an estimate based on the Basel II capital formula. We include the stress-based expected loss in the estimate of prudent economic capital for at least three reasons. First, to make the Basel II capital estimates comparable to Basel I capital estimates, some measure of expected loss needs to be added to the Basel II capital estimate. (Basel II assumes that expected losses would be covered through loan loss reserves.) Second, it is reasonable that bond market investors and the rating agencies would want depositories to hold some capital to cover losses that are historically consistent with the severe losses observed during previous recessions. And third, by including the stress-based expected losses in prudent economic capital, depositories with riskier portfolios would have larger observed buffers over the proposed Basel II regulatory minimums than depositories with safer portfolios. In this manner, the prudent economic capital estimate includes a buffer over the Basel II capital requirement that is conservative and dependent on the credit quality of the mortgage portfolio.
When Regulatory Capital and Prudent Capital Differ
Prudent economic capital estimates have often been inconsistent with regulatory capital requirements. For example, our prudent economic capital estimates, which include an expected loss measure, are less than the Basel I regulatory requirement of 4 percent, shown by the black dashed horizontal line in the bottom panel of figure 1 , for about 70 percent of the credit score -LTV pairs considered. We show below that these credit score -LTV pairs represent more than 90 percent of outstanding mortgages in the United States. But for the lowest quality mortgage pools, our estimates of prudent economic capital are greater than the Basel I regulatory requirement. In addition, the minimum GSE regulatory capital requirement for credit risk-45 basis points (figure 1, bottom panel thin solid black horizontal line) -is above our prudent economic capital estimates for the highest credit quality mortgages (that is, those with a credit quality index greater than about 0.8).
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-8-Depository institutions, in practice, generally hold more than the minimum regulatory capital.
This practice is puzzling, because it suggests that capital may not be more costly than other forms of nondeposit funding. If, as Modigliani and Miller (1958) suggest, debt costs rise as equity falls, it may be the case that banks are compensated for their extra capital by lower borrowing costs. The obvious violation of Modigliani-Miller equality is federal deposit insurance; insured depositors have no incentive to demand yields that reflect the credit risk associated with a depository. However, even though retail insured deposits may be a cheap source of funding, they can be costly to raise. For example, banks must build and staff a significant retail branch network to raise deposits. Indeed, the largest bank holding companies may consider core deposits too expensive to fund most of their assets. As table 2 shows, the ten largest bank holding companies fund only 30 percent of their assets with core deposits. This ratio rises as bank holding companies become smaller, but even then only about 50 percent of assets at bank holding companies not among the largest 50 companies are funded with core deposits.
In addition, depositories may desire to hold capital above either prudent economic or regulatory capital (that is, buffer capital) because of rigidities and adjustment costs. In practice, depositories may not be able to adjust capital or portfolio risk instantaneously because of market illiquidity, transactions costs, and other factors. Moreover, under asymmetric information, raising capital could be interpreted as a negative signal with regard to a depository's value (Myers and Majluf, 1984) ), so managers may be unable or reluctant to react immediately to negative capital shocks. Finally, raising capital may be more costly than resorting to other forms of funding.
Consequently, lowering a depository institution's regulatory capital requirement also may lower its desired buffer capital. But as the capital requirement declines, buffer capital may not decrease at the same rate, depending on the asset volatility associated with a depository's portfolio.
Because it is difficult to predict how a change in capital requirements might affect buffer capital holdings, we estimate a range for the potential decline in mortgage lending costs that could result from lower regulatory capital requirements that allow depositories to replace some of their equity capital holdings with debt financing. (If depositories do shed equity capital because of lower regulatory capital requirements, they must fund existing and increased asset holdings from other sources, i.e., debt). For the low end of the range for cost savings, we assume an equity premium equal to 2.7 percent, which implies that a decline of 1 percentage point in required equity capital would result in a funding cost saving of 2.7 basis points. 20 For the high end of the range for cost savings, the before-tax return on equity is assumed to equal 15 percent, 21 and the cost of debt is assumed to equal 6.25 percent, 22 the latter of which implies that a decline of 1 percentage point in equity capital would result in a funding cost saving of 8.8 basis points (0.01 C [0. 15 -0.0625] ).
-9-Whatever the actual cost savings from any reduction in minimum regulatory capital, only if the adopter offers a lower mortgage rate in response will Basel II affect the adopter's market share of mortgage originations. Such changes, if they occur, may come at the expense of the GSEs or at the expense of nonadopters. As we argue below, our analysis suggests that, regardless of the cost savings, any changes will likely be rather small and limited to a few corners of the mortgage market.
Mortgage Pricing and Depository Behavior
In this section, we develop a theoretical model of equilibrium pricing in mortgage markets. Our model captures the role of shifting capital regulations, securitization, and adverse selection. While our model does assume that the mortgage market can be divided into broad segments characterized by uniform pricing, as we discuss below, our main results are unchanged if we allow perfect risk-based pricing.
Based on our model, we argue that most depository institutions will not actually realize a change in their capital costs for most mortgages even if they do adopt Basel II and that equilibrium retail mortgage rates faced by most borrowers will not be affected by Basel II.
Intuitively, capital regulations will have little effect because a necessary condition for capital regulations to affect equilibrium outcomes is that retail mortgage rates vary with the credit risk (and thus the capital charge). However, the mortgage market currently consists of large market segments in which it appears that mortgage rates do not vary with respect to credit risk differences within these segments.
Moreover, regulatory capital arbitrage has already significantly reduced the role of capital regulations on retail pricing. That is, through securitization and other financial innovations, depositories have lowered their regulatory capital requirements without materially reducing their overall credit risk exposures.
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Two mechanisms have facilitated this arbitrage: (1) the GSEs and other securitizers currently bear the credit risk on most U.S. mortgages, and their required capital ratios for bearing that risk are generally lower than those ratios that apply to bank and thrift organizations; and (2) banks and thrifts can currently combine some low-risk and high-risk mortgages to meet Basel I-type capital standards and leverage requirements. 24 Thus, the financial system as a whole already holds only a small amount of capital against the credit risk posed by conforming mortgages.
Uniform Pricing and Adverse Selection in Secondary Markets
To understand who bears mortgage credit risks, one must consider the roles of originators and securitizers in funding residential mortgages. Both GSEs and private securitizers typically purchase mortgages that are originated by others. Because they do not originate mortgages, securitizers must guard against buying a relatively high proportion of higher-risk mortgages from originators. In general, the -10-advantage that originators as "first movers" have in their transactions combined with the prevalence of uniform pricing in the mortgage markets implies that mortgage securitizers will set tougher underwriting standards than will mortgage originators, who can both underwrite and hold mortgage credit risk.
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Our analysis assumes that mortgage markets are characterized by uniform pricing and that the mortgage rate equates the marginal cost of bearing credit risk for the marginal borrower in each market segment with that borrower's willingness to pay for the mortgage. Our results hold in somewhat modified form even if mortgages are perfectly risk-priced. Hancock, Lehnert, Passmore, and Sherlund (2005) adduce several reasons to expect uniform pricing within mortgage market segments, including a study of mortgage pricing using the 2001 Survey of Consumer Finances.
Other researchers have found similar results. Duca and Rosenthal (1994) argue that mortgage originators are frequently subject to fair lending standards, which discourage loan-specific pricing that appears to price discriminate between borrowers; they conclude that "conventional lenders do not vary fixed-rate mortgage rates on the basis of observable differences in credit risk." Gates, Perry, and Zorn (2002) argue that the great uncertainty in identifying loans that will ultimately default has led mortgage lenders to price risk on average within broad segments. Gates, Perry and Zorn also argue that uniform prices promote affordable housing goals and demonstrate that use of Freddie Mac's Loan Prospector automated underwriting system, plus the business practice of setting fixed guarantee fees for all loans delivered under a contract, results in higher approval rates for borrowers, especially underserved applicants.
Uniform pricing may lead a mortgage originator who has the option of holding a mortgage in its own portfolio to withhold safer mortgages from a mortgage pool. By "cherry picking" the safer mortgages, the originator avoids paying a mortgage securitizer or insurer the guarantee fee, which is often an average fee for a pool of mortgages. In response, mortgage securitizers generally set tougher underwriting standards than mortgage originators do. Heuson, Passmore, and Sparks (2001) show that tougher standards can arise even when all market participants have full information about the credit risks associated with the mortgages. In addition, Passmore and Sparks (1996) show that adverse selection, when the originator has better information than the mortgage guarantor has, can also lead to tighter underwriting standards. Cutts, Van Order, and Zorn (2001) note that the practice of uniform pricing and the resulting concern over adverse selection causes mortgage guarantors, such as Freddie Mac and Fannie Mae, to set a maximum level of risk that they are willing to accept and to enforce it through underwriting standards. Steinbach (1998) argues that mortgage pricing maintains an element of cross-subsidization (and thus uniform pricing) because collateral risk is more dominant than credit risk and collateral risk cannot be forecast with precision.
-11- which the GSEs purchase mortgages, the marginal cost curve for these securitizers may be lower because they can issue securities in larger amounts and because investors perceive that they are implicitly backed by the government.
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Because of adverse selection, the securitizer wants to purchase mortgages only between q 1 and 1.
Because of cherry picking, the originators (including depositories) want to sell mortgages only between 0 and q 3 . 32 The level of q 3 is determined by the originator's comparison of the marginal profit derived from holding the loan to the price offered by the securitizer for selling the mortgage.
A depository's decision to sell to a securitizer must take account of regulatory capital requirements, which would negate much of the additional profitability from holding a very low risk mortgage unless the depository can blend it in a portfolio with higher-risk mortgages. When blending assets, the depository combines the lowest risk loans with higher risk loans to create a portfolio that is consistent with the 4 percent regulatory capital requirement; doing so effectively equates the prudent economic capital and the required regulatory capital on the blended portfolio. 33 In essence, from q 3 to 1, the depository is bearing the cost of the prudent economic capital (the light gray line) for carrying lowrisk mortgages because of the mortgages' value in being blended with high-risk mortgages (those in the 0 to q 1 range) that have prudent economic capital above the regulatory 4 percent requirement.
The effective marginal costs for mortgage credit risk in a given market segment are represented by the solid segments of the black, dark gray, and light gray curves in figure 2 . Because of regulatory capital arbitrage (through blending and securitization), the marginal costs are determined by prudent economic capital for most mortgages, even under Basel I capital standards.
The two dashed portions of the prudent economic capital line in the top panel -the light gray line -are the regions of credit risk in which regulatory capital constraints influence mortgage funding and create deadweight losses (denoted by the two cross-hatched regions). In these cases, regulatory capital constraints may bind and thus might result in artificially high prices for bearing the credit risk associated with these (low and high risk) borrowers.
In the cross-hatched area to the left, which is bounded at the top by the solid grey line, Basel I capital regulations influence mortgage rates because the depositories cannot sell their originated mortgages to any securitizer with a lower capital requirement. In other words, the depository institution cannot communicate the quality of these mortgages to the secondary market (and thus cannot sell the mortgages into the market nor securitize them).
-13-
In the cross-hatched area to the right, which is also bounded at the top by the solid gray line, capital regulations on securitizers influence mortgage rates because no other competitor (that is, depository) has a lower prudent capital requirement. (Securitizers, unlike originators, generally cannot blend mortgages because they lack the information to adequately judge the risks associated with the individual mortgages within a market segment. However, to the extent that securitizers can develop specific risk information that is not easily duplicated or is not revealed to originators, some blending may be possible.)
Basel II increases the risk sensitivity of capital requirements, so the marginal cost curve of adopters for bearing mortgage credit risk more closely reflects prudent economic capital. In the bottom panel of figure 2 , prudent economic capital is again denoted by the thin black line. To understand differences in the marginal costs of adopters versus nonadopters, one compares the effective marginal cost curve under Basel I (indicated by the dashed gray line) with the marginal cost associated with prudent economic capital (which would apply under Basel II). This comparison assumes that these marginal cost curves differ only with respect to regulatory capital requirements. Other costs are assumed to be the same and, in particular, non-capital operating costs are assumed to be identical for adopters and nonadopters under Basel II.
The marginal cost curve of adopters falls below the marginal cost curve of nonadopters in two places, indicated by the cross-hatched regions in the bottom panel. These regions represent the deadweight costs from capital regulations (like Basel I) that are not sensitive to credit risk. In the rightmost region, the marginal cost curve for adopters falls below the marginal cost curve of securitizers (which is also the marginal cost curve for nonadopters) from q 2 to 1. Here, the adopters would choose to hold mortgages with q above q 2 and would sell fewer loans to the securitizer. Thus, Basel II has the potential to place some of the safer mortgage loans back on depository institution balance sheets and reduce the role of securitization in funding mortgage loans. Also, adopters of Basel II would hold a higher-quality segment of the low-quality credits (with probabilities of not defaulting on the loan ranging from q 0 to q 1 ) in a mortgage market segment because they could carry only the prudent economic capital needed to back these loans rather than the higher requirement of Basel I.
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Finally, depository institutions would likely continue to retain the safest mortgages, those with probabilities of not defaulting ranging from q 3 to 1. Adopters would retain these mortgages because of the low prudent economic capital required to back the associated credit risk. Nonadopters would continue to blend these highest-quality loans with their riskier mortgages (and possibly other credit risk intensive assets) to meet their Basel I capital requirements.
-14-
Potential Equilibrium Mortgage Rates
The equilibrium mortgage rate for a mortgage market segment is determined where the demand curve for that segment crosses the industry supply curve. 35 The demand curves in this model (figure 3, curves D 1 through D 4 ) rank borrowers by the maximum interest rate they are willing to pay for a mortgage. The model assumes that borrowers with a high probability of paying back their mortgage are willing to pay higher mortgage rates, all other things being equal, because mortgage default is costly for borrowers. Put another way, when high mortgage rates prevail, only borrowers with low odds of default apply for mortgages. 36 When the demand schedule is characterized by curve D 1 , all borrowers willing to pay more than the equilibrium mortgage rate, R 1 , both demand and receive a mortgage (these are borrowers with a probability of not defaulting on their mortgage greater than or equal to ).
As discussed earlier, only one mortgage rate prevails in each mortgage market segment. As shown in figure 3 , Basel II has the potential to lower mortgage rates charged to borrowers only if a mortgage market segment demand curve crosses the industry supply curve in the areas where Basel II would effectively lower the cost of mortgage funding through reductions in capital needed for credit risks (as shown by the demand curve D 2 , which crosses the supply curve between q 0 and q 1 , and D 4 , which crosses the supply curve between q 2 and q 3 -i.e., the rates R 2 and R 4 are lower than they would be under Basel I). Depending on the shapes of the demand and supply curves, adopters might have lower costs and, therefore, a pricing advantage over nonadopters for a segment of the mortgage market. In contrast, R 1 and R 3 are unaffected by the implementation of Basel II capital standards because regulatory capital requirements are not binding for the marginal borrower under the current capital standards and therefore adopters would not realize a pricing advantage under Basel II. Only if mortgage demand falls in the particular regions that are delineated with cross-hatching will mortgage rates fall; otherwise, the marginal cost of bearing the credit risk of the marginal borrower in the particular mortgage market segment is unaffected, and the mortgage rate is unchanged. As discussed below, it seems unlikely that mortgage rates for most U.S. mortgage market segments are determined by demand falling in these cross-hatched regions.
The Effect of Capital Requirements on U.S. Mortgage Markets
So far, we have described capital regulations and discussed their theoretical implications for equilibrium mortgage pricing. In this section, we provide a detailed taxonomy of the U.S. mortgage market and the broad credit risk segments that we analyze. We are unaware of any other study that comprehensively estimates the size of various mortgage market segments and determines the effect of bank capital regulations on each segment. Mortgages are often said to be either "prime" or "subprime," making this division an obvious starting point for our discussion of market segments. However, there is no generally-accepted definition of prime and subprime mortgages. Rather, prime and subprime designations are usually made by a mortgage institution (often an originator or a servicer) with an intent to sell the mortgage into the secondary market, and these designations often are based on a combination of the borrower's creditworthiness and the collateral value of the home being financed. In particular, a borrower's creditworthiness is frequently measured by his or her credit score, and the degree of collateralization is measured by the LTV ratio of the mortgage. However, other measures of creditworthiness, such as a household's debt-to-income ratio, might also be used. 38 "Prime" borrowers are seen as less likely than "subprime" borrowers to default, with the default risks associated with "near-prime" borrowers or "alt-A subprime" borrowers being somewhere between prime and subprime borrowers.
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Given the lack of generally accepted definitions for "prime" and "subprime," we propose a straightforward split of the mortgage market that is consistent with industry practice and is tractable for understanding how the Basel II capital requirements might influence mortgage pricing. 40 Specifically, our mortgage market segments are based solely on credit scores and LTV ratios. Therefore, many of the nuances of the marketplace, where originators and securitizers have more detail about each household's financial history and debt obligations, are not taken into account.
As in Hancock, Lehnert, Passmore, and Sherlund (2005) , we divide the first-lien, conventional mortgage market into three broad credit risk segments: (1) prime mortgages, (2) near-prime mortgages, and (3) subprime mortgages. We define "prime" mortgages as those extended to borrowers with a credit score of 660 or more and an LTV ratio of 80 percent or less. "Near-prime" mortgages are defined as those extended to borrowers with a credit score greater than or equal to 580 but less than 660 and an LTV ratio of 90 percent or less, or to borrowers with an LTV ratio greater than 80 percent and less than or equal to 90 percent and a credit score above 660. 41 "Subprime" mortgages are defined as those extended to borrowers with a credit score of 580 or less or an LTV ratio greater than 90 percent. 45 we estimate the amount of mortgages held in the credit score -LTV ranges for prime, nearprime, and subprime mortgages. 46 Our analysis suggests that of outstanding mortgages 29.7 million are prime (73 percent), 5.9 million are near-prime (15 percent), and 4.9 million are subprime (12 percent).
Within these categories we also estimated the number of mortgages that carried fixed interest rates, and the number that were securitized; we discuss these features below.
We estimate prudent economic capital levels for the credit risks of mortgages within each of the mortgage market segments (prime, near-prime, and subprime) and compare these levels to (1) Basel II regulatory capital requirements, (2) Basel I capital requirements for holding mortgage loans on the balance sheet, and (3) GSE capital requirements for bearing credit risk. We also consider capital levels established through private securitizations, which are assumed to be at least equal to prudent economic capital. These comparisons allow us to infer the proportions of each mortgage market segment where competition would likely be affected by the bifurcated approach for implementation of the Basel II capital standards. 
Estimated Economic and Regulatory Capital by Market Segment
We computed prudent economic capital and Basel II minimum regulatory capital for many different combinations of credit scores and LTV ratios. We then assigned each combination to one of the three market segments (prime, near-prime and subprime) we defined in table 3. In figure 5 , we compare the capital required to back these loans under Basel I and Basel II, as well as under the GSE regulatory regime; nonadopters would continue to face the Basel I requirements.
In the high-credit score, low-LTV region (the cross-hatched region), the Basel II minimum capital requirement is lower than the minimum capital requirements for both nonadopters (4.0 percent for holding the whole mortgage) and the GSEs (45 basis points). 48 In contrast, in the low-credit score, high-LTV region (the gray shaded region), the Basel II minimum capital requirement is higher than the capital requirements for either the nonadopters or the GSEs. 
Basel II Capital Standards and Securitization Incentives
During the late 1980s and early 1990s, depositories developed relationships with the GSEs to securitize mortgages; securitization allowed the depositories to equate regulatory and prudent economic capital requirements. These conduits are now well embedded in U.S. mortgage markets. By using GSE securitization, the depositories get a capital savings under the current regime (by dropping from a riskweight of 50 percent to a risk-weight of 20 percent) but pay the GSEs' guarantee fee. Roughly speaking, for $100 of mortgages, the marginal capital requirement drops from $4.00 to $1.60 by using a GSE securitization to hold mortgages under Basel I. We estimated that equity capital is between roughly 9.2 and 2.5 percentage points more costly than debt financing. Thus, a 240 basis point decrease in required capital translates into a likely saving of between 6 and 22 basis points. With the average GSE guarantee fee around 21 basis points, the net savings to a depository appears to be minimal.
A second, and perhaps even more important, reason for securitization is the liquidity motive.
Depositories wish to increase their available funds by selling the less-risky portions of their mortgage portfolios to other institutions (such as life insurance companies and pension funds) with a desire to hold low risk assets. Large banks in particular engage in so-called private label securitizations (i.e. non-GSE securitization). The banks typically originate a large volume of mortgages and then package their cash flows so that they back a variety of securities with payment characteristics and credit risk. Depositories usually continue to hold on their balance sheets a first-loss position in the securitization designed to absorb most of the credit risk in the pool. By taking the first-loss position, depositories pledge enough credit support to the more senior tranches of the securitization, so that the securities achieve a desired investment-grade rating. Under current U.S. capital regulations, these first loss positions have to be backed dollar-for-dollar with capital.
Under Basel II, depositories will still be able to create a first-loss position to guarantee the credit risk and will have the opportunity to sell the rest. Capital will continue to be held dollar-for-dollar behind -18-the first-loss position. Thus, the desire for liquidity will provide a motive for depositories to continue to securitize those mortgages that have tended to be securitized under Basel I.
The one exception to this conclusion is GSE securitization. GSE securities are backed not by depository capital holdings but by GSE capital holdings. The GSEs have a minimum capital requirement against credit risk of 45 basis points, and they often price their guarantee fees to reflect the average risk of a mortgage pool. 50 As we spell out below, adopters may be more prone not to sell conforming mortgages to the GSEs unless GSE guarantee fees are lowered.
In contrast to GSE securitization, the pricing of credit risk associated with private label MBS is unaffected by the implementation of Basel II because these securities are already backed by prudent economic capital. Therefore, Basel II does not alter the cost of guaranteeing the credit risk of a particular mortgage pool. Ultimately some entity already holds the economic capital needed to cover the credit risk of the underlying mortgages, and market participants will continue to seek the appropriate economic capital backing for mortgage pools even after the implementation of Basel II.
Combining information on the distribution of mortgages by type (figure 4) with information on the potential capital savings to adopters on mortgages of different quality ( figure 5) gives us a sense of the industrywide total capital savings available to adopters versus non-adopters, as well as the number of mortgages likely to be contested between the adopters and the GSEs. We consider each mortgage segment in turn.
The Prime Mortgage Market and the Potential Advantage of Basel II
In the prime mortgage market, the mortgage rate is determined by a securitized mortgage that is already backed by prudent economic capital. In other words, the mortgage rate is determined by a demand curve that falls in the region between q 1 and q 2 (that is, D 3 ) in figure 3 . In addition, as suggested by figure 3, there can be substantial changes in marginal costs (e.g., the distance between the blackdashed and solid light gray lines between q 2 and q 3 ) without influencing the equilibrium mortgage rate, R 3 . These changes, however, may result in changes in revenues of market participants and also may influence securitization activities.
The Market for Conforming Fixed-rate Prime Mortgages
Prime mortgages are by far the largest U.S. mortgage market segment (figure 4). The dominance of GSEs in this mortgage market segment suggests that it is their capital backing that underlies the market price for the credit risk of prime conforming mortgages. 51 These very low risk mortgages flow to the GSEs because such entities generally have lower capital requirements with regard to credit risk than any other mortgage guarantor, unless the originator, as discussed earlier, decides to retain the best mortgages.
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The median total capital requirement under Basel II for a prime mortgage in the dark gray region of figure 5 is around 20 basis points by our estimates -for all prime mortgages the median total capital requirement would be around 30 basis points (not shown). In figure 6 , we present estimates of the shares of each market segment that fall under different capital regimes. For example, for the prime mortgage market, we estimate that adopters will have credit risk capital costs lower than those of either nonadopters or GSEs for about 88 percent of prime mortgages (the cross-hatched region of the prime market).
Following the adoption of Basel II, pricing of credit risk in the prime market probably will continue to be heavily influenced by GSE underwriting standards, with its 45 basis points of minimum regulatory capital, and not by the changes brought about by Basel II. The more marginal borrowers in the prime mortgage market tend to require more than 45 basis points of prudent economic capital (as shown by the white area in the prime mortgage box in figure 5 , the median prudent economic capital estimate is 65 basis points). As a result, there will likely be little change in prevailing mortgage rates for prime fixed-rate mortgages because of Basel II (since, as illustrated by D 3 in figure 3 , mortgage demand does not cross the mortgage supply curve in a region where adopter capital constraints are currently binding).
New Competition among Adopters and GSEs
The adopters of Basel II could also insure against the credit risk of prime mortgages by purchasing a credit guarantee from the GSEs. The average GSE mortgage guarantee fee is around 21 basis points, but most adopters would also likely be large originators of mortgages and thus probably pay less than this average fee -more like 15 to 18 basis points.
An adopter's costs associated with the capital to back a credit guarantee for a conforming prime mortgage would, we estimate, be about 2 basis points, seemingly much less than a guarantee fee of 15 to 18 basis points. 52 However, the total cost to an adopter of keeping a mortgage is more than just the capital carrying cost. Indeed, the other costs associated with providing a credit guarantee, such as dealing with foreclosures and managing the cash flows coming from mortgage payments, often exceed the cost of the carrying capital. To make an appropriate comparison of an adopter's choice of buying a guarantee fee versus holding the credit risk of a mortgage directly, we must extract these other costs from the GSE guarantee fee. implicit government backing, and part may reflect the GSEs' market power in pricing MBS guarantees.
An adopter might view this remaining 8 or 11 basis points of GSE net income as the contestable portion of the GSE mortgage guarantee fee. With such a large difference in returns on equity, the GSEs would probably be under some pressure to reduce their guarantee fee. However, the adopter would need to consider the other possible reasons for the apparently large difference between the GSE return to capital and the competitive return to capital, and thus might continue selling its mortgages to the GSE.
Overall, it is difficult to know if this apparent difference between the adopter's costs and the GSE guarantee fees would result in a substantial number of mortgages not being sold to the GSEs. In terms of basis points, the savings from Basel II on the credit guarantee for prime mortgages may not seem large.
But the prime mortgage market is extremely large and a few basis points can represent a substantial amount of income.
Indeed, one might even argue that the adopters would enter the mortgage securitization business and compete directly with the GSEs. But, as noted earlier, most adopters are large originators and sellers of mortgages to the GSEs. Given the high returns on capital currently earned by the GSEs, the guarantee fees charged to adopters seem likely to fall once Basel II is adopted. Thus, the GSEs may face some loss of income with the adoption of Basel II. However, the appeal of the GSE credit guarantee to depository institutions is not exclusively its lower capital costs. Instead, it may be the liquidity associated with implicitly government-backed securities, a possibility suggesting that the adoption of Basel II may not substantially alter current arrangements.
Any decline in guarantee fees for adopters seems unlikely to influence the guarantee costs for nonadopters. The GSEs already negotiate separate guarantee fees for large originators that sell their mortgages to the GSEs, and thus the guarantee fees charged to nonadopters are not linked to the fees charged to adopters. In addition, the mortgages held by nonadopters and not sold to the GSEs are probably carried with the appropriate amount of prudent economic capital through the use of blended portfolios. Given the GSEs' significant regulatory capital advantage relative to depositories for bearing the credit risk of prime mortgages under Basel I, nonadopters appear unlikely to sell mortgages not currently sold to the GSEs to anyone else with a similar capital standard.
The Market for Prime Adjustable Rate Mortgages (ARMs)
About 11 percent of prime mortgages have adjustable rates. The conventional wisdom is that GSEs tend to purchase few ARMs because depositories are loath to sell them. ARMs, in this view, are a better match for the interest rate risk of depository. However, this view does not explain why depositories tend -21-to hold the credit risk of many of their ARMs. 56 Banks and thrifts could still sell the credit risk to GSEs.
The resulting ARM-backed MBS could be kept on portfolio, and this security would match depository liabilities as well as the whole-loan ARMs.
Our earlier capital cost calculations for GSE securitizations suggest that banks and thrifts likely do not securitize many of their mortgages because such small savings may not warrant the effort, and this behavior seems unlikely to change with the implementation of Basel II. ARMs, in particular, are unlikely to be securitized (1) because the administrative costs associated with securitizing these mortgages may be large because of a lack of product standardization or (2) because the depository never intends to sell the mortgage (and thus never needs the liquidity provided by the GSE guarantee). In contrast, fixed-rate mortgages are largely standardized and depositories might benefit from the liquidity provided by a GSE guarantee as part of their interest rate risk management strategy. Thus, the bulk of the prime mortgage credit guarantees that adopters might contest after Basel II is implemented are likely fixed-rate mortgages sold to the GSEs under the current capital regime.
Effects of Basel II in the Prime Market Segment
Overall, the main effect of Basel II in the prime market segment appears likely to be possible transfers of wealth from GSEs to adopters. In contrast, the mortgage rate would likely be unaffected because the capital required to back mortgages extended to the marginal borrower in the prime market would probably be unchanged.
With respect to the wealth transfer from GSEs, although the number of basis points to be split between the GSEs and the adopters is small, the number of mortgages that might be affected is large. We provide estimates of the number of mortgages affected by Basel II in figure 4 . These estimates are based on the existing stock of mortgages and therefore do not represent the numbers that would be affected in any given year. The stock of mortgages, however, gives us an indication of whether a potential change may affect many or only a few households and what proportion of the mortgage market may be affected over a long period.
Of the 18.4 million fixed-rate, securitized prime mortgages we estimate that 16.2 million were sold to the GSEs and thus would have guarantee fees that the Basel II capital standards could affect (figure 4, shaded box on left). Although this is a high proportion of the prime mortgage market, when all factors are considered, the incentives for the GSE guarantee function to be displaced by adopters are small, and of course, any change brought about by Basel II would take years to influence all mortgages.
Thus, these numbers based on our estimates of current mortgages outstanding should be taken as only indicative of the maximum long-run competitive effects, and the speed of adjustment in mortgage terms -22-and prices would depend on many factors, including those that influence mortgage turnovers, such as interest rates and house prices.
The decrease in required capital under Basel II compared to Basel I is largest for the safest mortgages-conforming fixed-rate prime loans-which are most commonly sold to GSEs. Likely adopters (proxied by the ten largest bank holding companies ranked by asset size, the ten largest nonmandatory adopters, and the largest and most active mortgage-oriented nonmandatory adopters) sold about 58 percent of the mortgages that were bought by the GSEs. Thus, we estimate that up to 9.9 million mortgages of the existing prime mortgages securitized might have been under greater competitive pressure and therefore may have had lower guarantee fees if Basel II had been in effect in earlier years.
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However, these lower guarantee fees would not, we believe, have affected mortgage rates very much, if at all, because of the prevalence of uniform pricing methods.
Non-Securitized Fixed-Rate Mortgages
We estimate that roughly 6 million outstanding prime fixed-rate mortgages are not securitized. Our conceptual framework suggests that these mortgages are very low risk mortgages that depository Because actual capital currently backing these mortgages is close to the prudent capital, competition in this market subsegment probably will be unaffected by Basel II implementation.
In addition, the capital carrying costs of discrepancies from prudent economic capital may be outweighed by other considerations. As shown in figure 5 , adopters' marginal capital requirement might fall from 4 percent to as low as 20 basis points, but the actual capital savings from these discrepancies would, at most, range from 10 to 33 basis points, which could easily be offset by other factors. For example, many of these mortgages appear to be "low documentation" mortgages, which might be offered to depository institution customers with established relationships. In addition, some of these mortgages might be extended to low-risk borrowers to finance unusual property types (e.g., second homes and coops). Regardless, given the low credit risk of these prime borrowers and the seemingly high regulatory capital requirement under Basel I, it appears unlikely that capital costs played a large part in the depository institution's decision to keep many of these loans in their portfolio. And thus we do not expect
Basel II implementation to greatly influence mortgage pricing in this mortgage market segment (as shown -23-in figure 4 , leftmost black outlined box, we estimate that at most only 3 million mortgages might by affected).
The Prime Jumbo Market
The mortgage rate in the prime jumbo market, like that in the prime conforming market, is most likely determined by a securitized mortgage that is already backed by prudent economic capital. Although
GSEs cannot purchase or securitize jumbo mortgages, about one-third of these mortgages are securitized by purely private securitizers. Because of the substantial securitization activity and the small amounts of prudent economic capital associated with such mortgages, the mortgage rate in the prime jumbo market appears to be determined by a demand curve that falls in the region between q 1 and q 2 (for example, D 3 )
in figure 3 . In this market, Basel II would induce no wealth transfer between adopters and securitizers because securitization methods effectively equate regulatory and prudent economic capital.
The fact that nonsecuritized mortgages today might have been securitized but were not suggests that the difference between prudent economic capital (held by the securitizers) and Basel I-type capital requirements was insufficient to entice mortgage originators to sell these mortgages. Indeed, many of the main holders of these jumbo mortgages are the same bank and thrift holding companies that are heavily involved in securitizing nonconforming mortgages. One reason that capital requirements seem unlikely to change the status of prime jumbo mortgages is that some of these mortgages are ARMs (see figure 4) .
The capital costs of the fixed-rate component can be offset by other factors (see discussion on prime ARM). We estimate that at most only half a million prime jumbo mortgages might be affected by Basel II implementation (second black outlined box from the left, figure 4) . Moreover, given the prevalence of uniform pricing in the prime mortgage market, this small change in mortgage carrying costs seems unlikely to yield any meaningful change in mortgage rates.
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Near-Prime Mortgages and Basel II Implementation
As shown in figure 5 , Basel II capital requirements on near-prime mortgages vary widely. This range mirrors the underlying wide range of risks, suggesting that many institutions, with their varying regulatory and prudent capital standards, might play a role in this market. It also suggests that the mortgage extended to the marginal borrower has a rate consistent with the amount of prudent economic capital needed to back the mortgage. In other words, the mortgage rate in the near-prime market segment seems to be determined by a demand curve that falls in the region between 0 and q 0 (D 1 ) in figure 3 . If uniform pricing prevails in the near-prime market, the implementation of Basel II capital standards would not affect mortgage rates, and the benefit would be captured by adopters in higher profits. In figure 3 , adopters capture the cross-hatched areas that represent the deadweight losses that occur under current regulations, because, as suggested by our theory, the mortgage rate would be R 1 as determined by D 1 .
Indeed, some mortgages in this market seem to warrant substantial amounts of economic capital, as
shown by the shaded region in figure 5 , so that the more risk sensitive Basel II capital requirements might well exceed the current capital requirements by significant amounts.
As shown in figure 6 , an estimated 9 percent of the outstanding mortgages in the near-prime market segment have prudent economic capital greater than 4 percent. Since the prudent economic capital required is likely greater than the depository regulatory minimum for the marginal borrower in the near-prime market segment, the mortgage rate (e.g., R 1 ) would likely be unaffected by the implementation of Basel II capital standards. Thus, calculations of the competitive effect of Basel II on the market shares of adopters and nonadopters must operate through another mechanism rather than through changes in the mortgage rate.
One mechanism that might lead adopters to increase their mortgage market share is through additional revenues that they might accrue because of their lower capital costs (as shown by the crosshatched region between q 0 and q 1 , which represent the deadweight losses associated with the current capital regulation regime, in figure 3 ). By our calculation, adopters would have capital requirements that would range from 2.5 to 3.7 percentage points lower than the requirement for nonadopters for these types of mortgages, implying a cost of capital advantage ranging from 7 to 33 basis points. As we discussed earlier, however, this type of calculation fails to capture competitive effects on nonadopters because (1) on many of these mortgages the effective capital requirement would be lower than 4 percent, (2) depositories can lower effective capital requirements through securitization and blending, and (3) capital requirements are often not important factors in determining mortgage rates. Furthermore, to the extent that operating costs might be higher for adopters under Basel II than for nonadopters, the increased revenues captured from recouping deadweight losses might be partly or completely offset by these expenses.
-25-Indeed, most near-prime mortgages are likely not affected by Basel I-type capital requirements.
First, as indicated in figure 4 , an estimated 2.2 million of the 5.9 million near-prime mortgages are fixedrate, securitized mortgages (the middle light gray shaded box) and thus are not directly affected by capital rules on depositories. Second, about 3 million mortgages in this market carry adjustable interest rates;
and as we have discussed, depositories value these ARMs for their interest rate characteristics and the capital charges on their credit risk are unlikely affect their pricing. Of the roughly 6 million mortgages in the near-prime market segment, only some (we estimate about 0.7 million) of the fixed-rate, nonsecuritized mortgages might fall in the region where regulatory capital constraints influence capital costs.
Adopters might have some capital savings for nonsecuritized, fixed-rate, near-prime mortgages currently held on portfolio, but without knowing why the depository ignored the incentives built into the Basel I capital regulations, we cannot predict its fate under Basel II. For example, the mortgage may carry higher credit risk than its LTV and credit score would suggest and thus is backed with prudent economic capital. In such circumstances, the adopter would not have a capital advantage once Basel II is implemented.
As in the prime market, adopters in this market segment are likely to put downward pressure on credit guarantee fees, including GSE guarantee fees (as shown in the cross-hatched region between q 2 and q 3 in figure 3 ). As described earlier, since adopters will be able to hold capital more in line with prudent economic capital under Basel II, selling mortgages to the GSEs and through other securitization outlets will need to be motivated by reasons other than the arbitrage of capital regulations.
Subprime Mortgages and Basel II Implementation
Under Basel II, 57 percent of subprime mortgages would require capital in excess of 400 basis points (the shaded region in the subprime market in figure 6 ). Indeed, we estimate about 0.4 million of the 4.9 million outstanding subprime loans would require prudent economic capital of 800 basis points or more. In addition, because we believe that the constant asset correlation assumption of the Basel II framework is least applicable to mortgage loans of the highest credit risk, the Basel II requirements may be higher than depositories' own estimates of the amount of prudent economic capital needed to fund such loans. 58 At first glance, then, high risk mortgages carry the lowest capital charge when they are held on the books of nonadopters. In practice, though, examiners may require depositories to hold extra capital against these risky mortgages.
In 2003, about 23 percent of currently outstanding subprime loans have both an LTV ratio greater than 90 percent and a credit score less than 660. Under the current supervisory framework, examiners might reasonably expect a depository to hold capital in excess of 4 percent, or even 8 percent, on such loans, with the excess depending on the institution's loss rates on mortgages, the quality and liquidity of -26-the collateral securing the loans, and the quality of risk management and control processes in place at the depository. It is therefore plausible that some depositories that would remain under Basel I-type capital standards might be encouraged to hold more capital than would be required of adopters for loans in this portion of the subprime market. In this manner, adopters that invest in sophisticated risk-management systems would potentially have a competitive advantage over some nonadopters (those with inadequate control processes) even in the riskiest portion of the subprime mortgage market. The number of nonadopters that would be at a disadvantage, however, is likely to be very small because the vast majority of depositories receive supervisory ratings consistent with sound risk management and prudent underwriting standards.
Since most depositories that would remain subject to the current regulatory regime would be required to hold just 4 percent of capital for subprime loans, we estimate that only about 0.5 million subprime, fixed-rate, nonsecuritized mortgages would have lower capital backing under Basel II. Thus, overall, we do not foresee that Basel II will significantly influence mortgage rates in the subprime market.
Sensitivity Analysis
In this section, we consider how our estimates of the potential competitive effects from implementing of Basel II capital standards would change with respect to (1) a higher prudent economic capital standard, (2) more risk-based (as opposed to uniform) pricing in mortgage markets, and (3) decisions by managers of depositories to maintain a "well-capitalized" designation from bank and thrift supervisors. That is, we explore the adjustments to our conclusions that would follow from higher-thanpostulated capital positions at adopter institutions and more-sensitive mortgage pricing than we have assumed.
What if our estimates of prudent economic capital are too low?
The largest U.S. depositories typically maintain issuer ratings that are better than the BBB to Astandard that we use in our proxy for capital demanded by the marketplace (i.e., prudent economic capital). In fact, 18 of the 20 largest U.S. bank holding companies ranked by total assets had Standard and Poor's issuer ratings better than A-as of year-end 2004. Because a higher rating would require higher capital, adopters would hold more market-determined capital than we have estimated.
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If our proxy for prudent economic capital is systematically too low, then our estimates of the number of mortgages that adopters could profitably acquire at the expense of nonadopters and securitizers would be too high. The prudent economic capital demanded by the marketplace would be higher than the 4 percent required by regulators for a larger proportion of existing mortgages, so it would be less likely that current capital regulations are influencing the amount of capital held on the balance sheets of -27-depositories. Analogously, the amount of prudent economic capital required would be less than 45 basis points for fewer of the prime mortgages than we estimated. As a result, there would be less competitive tension between the adopters and the nonadopters and between the adopters and the GSEs than we have estimated.
If we have systematically underestimated the amount of prudent economic capital, the implementation of Basel II capital standards would have even smaller competitive effects than we have predicted. Not only would there be no direct effect on the mortgage rate from the implementation of Basel II, but also the indirect effects would be smaller -adopters would have smaller potential increases in their profits from capturing the deadweight losses that occur under the current regulatory frameworks imposed on depositories and on securitizers.
What if Mortgage Pricing is more Risk-Sensitive?
In our analysis, we divided the U.S. mortgage market into three broad segments. While these segments capture much of the variation in credit risk priced by lenders, within the segments other characteristics of the mortgages, such as documentation status, often affect pricing. In the limit, it is possible in the future that each mortgage would be individually priced using every scrap of information available on the borrower and property.
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Even if such risk-sensitive pricing were to become pervasive after the implementation of Basel II, nonadopters would still be motivated to sell credit risk on loans whose regulatory capital exceeds their economic capital. Indeed, this strategy would be even more important if the price of each mortgage reflected the amount of capital that is demanded by the marketplace for its risk. Depositories would still structure portfolios so the capital held for regulatory capital requirements is consistent with the capital demanded by the marketplace (i.e., they would be motivated to blend lower-risk mortgage holdings with higher-risk mortgage holdings). Moreover, depositories would continue to hold the credit risk on mortgages where the regulatory capital is less than the capital demanded by the marketplace.
In addition, even under pervasive risk-based pricing, pricing on some mortgages would still be influenced by Basel I regulatory constraints. For example, there would likely be some mortgages along the credit risk continuum where a securitizer could not be found that would back the credit risk of the mortgage with prudent economic capital. Similarly, if risk-sensitive pricing became pervasive, there could be some prime conforming mortgages where the GSE regulatory capital requirement, equal to 45 basis points, would influence the costs of bearing credit risk and therefore mortgage rates.
Under Basel II and in a more risk-sensitive pricing environment than we assumed, in the extreme case it would be feasible for the interest rate on every mortgage to reflect its market-determined capital.
That is, mortgage rates would reflect prudent economic capital throughout the credit risk continuum. If -28-each mortgage was backed by prudent capital, some mortgage rates would fall (since current capital standards influence their rates). Thus, competitive markets for the provision of mortgages would ensure that mortgage borrowers-and not adopters-would be the long-run beneficiaries of Basel II.
5.3.
What if Depositories Desire to Maintain a "Well-Capitalized" Status?
The Federal Deposit Insurance Corporation Improvement Act (FDICIA) of 1991 established the system of prompt corrective actions (PCA) to be taken with troubled insured depository institutions (other than credit unions). Under this system, risk-based capital ratios are used as a basis for categorizing depositories for purposes of prompt corrective action. "Well-capitalized" depositories are defined as those with a tier 1 risk-based ratio greater than 6 percent, a total risk-based capital ratio greater than 10 percent, and a tier 1 leverage ratio greater than 5 percent.
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The PCA system imposes more penalties on undercapitalized depositories as their capital ratios decline, including restrictions on deposit interest rates, elimination of brokered deposits, restrictions on asset growth, restrictions on inter-affiliate transactions, and required approvals for acquisitions, branching, and new activities. Although bank and thrift holding companies are not subject to the PCA system, bank holding companies are subject to minimum consolidated capital guidelines.
The fairly severe penalties associated with being designated as undercapitalized by bank or thrift supervisors could potentially increase depositories' desire to hold capital above either prudent economic or regulatory capital. As discussed in section 2.4, a reduction in a depository institution's minimum regulatory capital requirement may not change the depository institution's actual capitalization under such circumstances. Without the replacement of some equity holdings with debt financing, the implementation of Basel II capital standards would a fortiori lead to smaller competitive effects than we have estimated.
After implementation of the Basel II framework, adopters and nonadopters alike would continue to be subject to PCA, regardless of whether the insured entities are banks or thrifts. To achieve "wellcapitalized" status, for example, a depository would need to maintain at least a five percent tier 1 leverage ratio. 62 It is therefore plausible that depositories might target a leverage ratio in excess of this minimum.
If such targets influence adopters' decisions at the margin, Basel II implementation would have smaller competitive effects than we have projected. Under such circumstances, adopters would behave much like nonadopters to meet or exceed the risk-insensitive mortgage capital requirements that are the hallmark of current capital standards.
Sensitivity Analysis Findings
Because higher prudent economic capital estimates, more risk-sensitive mortgage pricing, and greater significance of PCA standards would each reduce, not increase, the potential competitive effects -29-of Basel II implementation on mortgage markets, it is probable that we have overstated, not understated, such effects. Moreover, it is clear that developments in mortgage markets (such as more risk-sensitive pricing), innovations by depositories (such as more complex securitization techniques), and competition between adopters may dissipate any potential supernormal profits earned by adopters under Basel II.
Conclusion
It seems unlikely that Basel II implementation will have significant effects on U.S. residential mortgage market competition between adopters and nonadopters. Our analysis indicates that most mortgages are already backed by market-determined capital needs because depositories use GSE guarantees and other forms of securitizations, as well as blending high-and low-risk mortgage portfolios to equate regulatory and economic capital under the current one-size-fits-all capital regulations. Basel II will increase the risk sensitivity of regulatory capital charges; effectively, however, the actual capital backing mortgages is already quite sensitive to their credit risk. Moreover, in the future, adopters and nonadopters alike will continue to be subject to risk-insensitive capital regulations like leverage requirements, and consequently these institutions will continue to blend mortgages with other assets and to be conservative in their capital management.
Our results are robust to relaxing several of our key assumptions. In particular, the competitive impact of Basel II will be lower if (1) adopters seek a better credit agency rating than we assumed, (2) risk-based pricing in mortgage markets is more pervasive than we assumed, or (3) the system of prompt corrective actions impinges on depositories' decision-making more than we have assumed.
Indeed, potential income gains from capital cost savings may in the long run flow not to adopters, but to homeowners through lower mortgage rates.
Basel II Regulatory Capital Requirements for Whole Loans
Credit Quality Index 17. About 88 percent of prime mortgages are estimated to require an economic capital backing of less than 45 basis points. We apply this fraction to the outstanding 18.4 million of fixed-rate mortgages that have been currently securitized to get 16.2 million. Similarly, 91 percent of the near-prime securitized fixed-rate mortgages require prudent capital of less than 4 percent, suggesting that up to 2.0 million of these 2.2 million mortgages might be contested by adopters and securitizers. Finally, 44 percent of the subprime securitized fixed-rate mortgages have economic capital that fall under 4 percent, suggesting adopters and securitizers might contest up to .6 million of these 1.3 million mortgages.
18. To estimate the number of blended mortgages, we look at the capital surplus of the subprime fixed-rate mortgages (the difference between the economic capital and 4 percent) and derive the percent of prime fixed-rate mortgages (with a prudent capital of less than 4 percent) that might be funded with this surplus. For example, if a subprime mortgage has a surplus of 1.2 percent and prime mortgages require 30 basis points of economic capital, then with constant dollar amounts four prime mortgages can be backed by holding one subprime mortgage. Our calculations are very rough and aggregated, and suggest that about half of the fixed-rate prime mortgages are blended but that almost none of the near-prime and subprime mortgages are blended (because we assume that mortgages with the least amount of capital are blended first, this assumption may be unrealistic for individual institutions because they might specialize in a market segment). Thus, under these assumptions we get an upper-bound for our estimate of contested mortgages for the fixed-rate non-securitized mortgages in the near-prime and subprime markets. 
PRIME
NEAR-PRIME SUBPRIME Higher risk 10. In these calculations, the LTV ratios ranged from 60 to 105 in 5-unit increments, and the credit scores ranged from 500 to 800 in 20-unit increments. We applied the FRB credit risk model to the nonprime mortgage market using the methods of Calem and Follain (2003) and described in more detail in Calem and LaCour-Little (2004) . In essence, loans with higher-risk are modeled as defaulting in shorter periods, resulting in larger losses because of less home equity accumulation. For examples of economic capital estimates for nonprime mortgages, see table 2 of Calem and Follain and tables 6 and 8 of Calem and LaCour-Little. The credit quality index is constructed using the fractional rankings of the economic capital estimates in descending order for the 184 credit score-LTV pairs.
11. The Basel II framework also establishes a minimum PD that can be used in the supervisory formula (equal to 0.03%) so regulatory capital would also be higher than economic capital when the internal borrower grade is assigned a PD less than 0.03%.
12. Under Basel I, each asset and the credit equivalent amounts of off-balance-sheet exposures are generally assigned to one of four broad risk categories that are based on the perceived credit risk of the obligor or, if relevant, the guarantor, type of collateral, or external ratings. These risk categories are assigned weights of 0 percent, 20 percent, 50 percent, and 100 percent and are thus associated with 0 percent, 1.6 percent, 4 percent, and 8 percent capital requirements.
13. See, for example, Calem and LaCour-Little (2004) , Calem and Follain (2003) , and Kaskowitz, et al. (2004) .
14. There is a long literature on capital arbitrage as a motivation for securitization; see Ambrose, LaCour-Little, and Sanders (2004), DeMarzo (2004) , Jones (2000) , Mingo (2000) , or Passmore (1994).
15. Economic capital estimates from the FRB credit risk model shown in figure 3 .1 are derived using a target insolvency rate consistent with historical default rates in the range of BBB+ to A-. Economic capital estimates based on an A rating, for example, would always be larger than those based of the range of BBB+ to A-. If depositories hold capital consistent with a rating better than A-, then the competitive effects described below would be lower because the capital buffer over the minimum regulatory capital would be larger.
16. See Gordy (2003) for a discussion of the dependence of ratings-based capital rules on a single systematic risk factor.
17. We calculated these "stress LGDs" using historical housing market data and the FRB credit risk model described in Calem and Follain (2003) . We used a three-step procedure. In the first step, we selected the fourth year after origination to represent the average age when a mortgage loan goes into default (that is, a 180-day delinquency). Expected foreclosure and loss rates were calculated for such loans, with selected credit score -LTV characteristics, using historical paths for house prices -45-and interest rates. The maximum value of the conditional LGD for origination quarters during the 1986-1993 period was defined as the "historical stress-period LGD." In the second step, we used the FRB credit risk model to estimate LGD distributions for the 184 credit score-LTV pairs with LTV ratios ranging from 60 to 105 in 5 unit increments and credit scores ranging from 500 to 800 in 20-unit increments. In the third step, we mapped the historical stress period LGDs to percentiles of the estimated LGD distributions for the selected credit score -LTV pairs and assigned the remaining credit score -LTV pairs to a percentile for historical stress using linear interpolation techniques. The resulting "stress LGDs" are about 1.5 times larger than expected LGDs. Annualized probabilities of default were used for each credit score -LTV pair.
18. We have some evidence that the credit agencies engage in such behavior. As stated by Standard & Poor's, "if a banking group were to reduce capital materially due to the anticipated change in the regulatory calculation of risk assets, without any change in the bank's current economic risk profile, it would be subject to a ratings review that could lead to a downgrade." However, we note that rating agencies give explicit credit for future interest rate margins and other forms of credit enhancement that are not in the form of directly held capital. Thus, our estimates of prudent economic capital do not incorporate all forms of market-determined capital support. See Standard & Poors's (2004) and Simensen (2004) .
19. A GSE meets its minimum capital level if its core capital-common stock, perpetual noncumulative preferred stock, paid-in capital, and retained earnings-equals or exceeds minimum capital. Minimum capital is 2.5 percent of assets plus 0.45 percent of adjusted off-balance-sheet obligations (OFHEO Report to Congress, 2004) . Since the off-balance-sheet obligations are almost exclusively mortgage-backed securities, the 45 basis points is informally taken as the GSEs' minimum regulatory capital requirement for bearing the credit risk associated with a conforming mortgage.
20. In 1999, the equity premium was approximately 2.7 percent. Sharpe (2002) discusses the method used to calculate this estimate. The equity premium estimate for 1999 using this method is relatively low compared to that for other years; however, the technique uses a Treasury security as its benchmark, which may overstate the equity premium relative to a calculation that uses a corporate security as its benchmark.
21. This assumption is based on data from the 1999 Federal Reserve Board Survey of the Performance and Profitability of CRA-Related Lending. In this survey, depositories reported their overall return on equity for their 1-4 family mortgage lending. For the 89 depositories that reported this return, it was on average 14.1 percent. But for those that were also among the 10 largest depositories (ranked by asset size), this return was slightly above 15 percent on average.
22. This is the average yield on senior bank debt rated AA or A with maturities of at least three years issued by the largest bank holding companies.
23. See Jones and Mingo (1998) .
24. The Federal Deposit Insurance Corporation Improvement Act (FDICIA) of 1991 established the system of prompt corrective actions to be taken toward troubled insured depository institutions -46-(other than credit unions). Leverage ratios (i.e., capital-to-asset ratios) are used as a basis of categorizing institutions for the purposes of these actions.
25. For a detailed description of this framework, see Heuson, Passmore, and Sparks (2001) .
26. Frame and White (2004b) also discuss how banks adjust to capital requirements by blending loans across the risk spectrum in their portfolios.
27. This graph is taken from Heuson, Passmore, and Sparks (2001) .
28. Focusing on the portfolio decision in the absence of capital requirements, a risk-neutral mortgage originator will offer a mortgage if qr+ (1-q) 29. Using the formula provided in the previous footnote, which is explained in greater detail in Heuson, Passmore, and Sparks (2001) , the black line incorporates a fixed capital requirement-that may result from a risk-insensitive mortgage capital regulation or a leverage requirement-when calculating the depository's expected return on the alternative investment. In contrast, the light gray line incorporates the market's credit risk-sensitive capital requirement. This marginal cost curve with respect to credit quality implicitly assumes that other marginal costs for mortgage financing do not vary with respect to credit quality. Thus, the curvature simply reflects the effective cost of capital to back the credit risk (or an equivalent credit guarantee).
30. The securitizer may be a purely private entity, a government-sponsored agency, or an affiliate of a bank holding company. Regardless, the securitizer's marginal cost will be determined by the market's demands and conditions and the regulatory capital framework they face, if any.
31. The GSEs' mortgage-backed pools often are backed by only a small number of mortgages and are not geographically diversified (Downing, Jaffee, and Wallace, 2004 32. Note that the lowest-risk mortgages retained by depositories are not necessarily conforming mortgages; indeed, some may not be conforming by design to save some costs associated with conforming mortgages. For example, some "low-doc" mortgages are made to very low-risk borrowers and, because of the lack of documentation, are not conforming mortgages.
33. For depositories that are not mortgage specialists, these higher risk credits can be other types of loans, such as small business loans. The process of blending loans of high and low risks will remain important for Basel II adopters, since they will continue to be subject to leverage requirements. Banks with a composite supervisory rating equal to one are subject to a minimum leverage ratio of 3 -47-percent. For lower rated institutions, however, the minimum tier 1 leverage ratio is 3 percent plus an additional cushion of at least 100 to 200 basis points.
34. Nonadopters may cede this market subsegment to adopters because there are limits to blending high-risk and low-risk mortgages, or because they do not have other high-risk loans to blend with low-risk mortgages.
35. The model presented here is a stylized version of Heuson, Passmore, and Sparks (2001) . More generally, the underwriting standards of market participants -depositories and securitizers alikemay change as mortgage rates change (i.e., the light gray vertical dashed lines may move to the left or to the right).
36. In contrast, in an adverse selection model (such as proposed by Stiglitz and Weiss, 1981) , when mortgage rates rise lower risk borrowers drop out of the pool of potential borrowers. This type of adverse selection model assumes that borrowers with higher default risks have higher expected returns from their investment projects (in this case, the project is a home purchase). In our model, however, the benefits associated with homeownership are not related to a household's default probability. In this case, rising mortgage rates simply raise the cost of homeownership without any offsetting effects. 39. The strong correlation between measures of borrower creditworthiness and collateral, and default and loss rates has been established by many studies, including Avery, Bostic, Calem, and Canner (2000) and Cotterman (2004) .
40. For a description of subprime lending, see Canner, Laderman, and Passmore (1999 ), NEC (2004 ), and Pennington-Cross, Yezer, and Nichols (2000 . Our definitions draw a clear distinction between near-prime and subprime, whereas industry practice is to commingle these two groups. Indeed, some so-called subprime mortgage pools have high credit scores, low LTVs, and no straightforward reason for their subprime designation. Part of the difficulty in defining these markets is the wide variety of different mortgage types. In particular, the near-prime market encompasses a variety of submarkets that reflect the many different ways that underwriting can deviate from conforming loan standards, including loans that are low risk but have less documentation, that are low risk but are unusual ARM contracts, that are extended to borrowers with slightly higher than typical debt ratios, that are collateralized by condo, co-op, or investor properties, or that are extended to borrowers who have recently missed a small number of non-mortgage loan payments. The credit scores and LTV ratios may or may not capture some of this variation, making our reliance on such scores and LTV ratios for defining this market only a rough approximation.
41. In the Expanded Guidance for Subprime Lending Programs that is dated January 31, 2001, bank supervisors indicated that nonprime borrowers display a range of credit characteristics that include: (1) two or more 30-day delinquencies in the last 12 months, or one or more 60-day delinquencies in -48-the last 24 months, (2) judgment, foreclosure, repossession, or charge-off in the prior 24 months, (3) bankruptcy in the last 5 years, (4) a relatively high default probability as evidenced by a credit bureau score (FICO) of 660 or below (depending on the collateral), and (5) a debt service-to-income ratio of 50% or greater, or otherwise limited ability to cover family living expenses after deducting total monthly debt-service requirements from monthly income (Federal Reserve Board, Banking Supervision and Regulation SR Letter 01-4). This supervisory guidance applies specifically to institutions that have subprime lending programs with an aggregate credit exposure greater than or equal to 25 percent of their tier 1 capital, to institutions that have experienced rapid growth or adverse performance trends, and to institutions that have inadequate or weak controls.
42. In all cases, the LTV ratio here refers to the LTV ratio calculated by the lender after accounting for risk mitigation efforts, such as private mortgage insurance.
43. In the Interagency Guidance on High LTV Residential Real Estate Lending that is dated October 8, 1999 , bank supervisors stated that "first-lien mortgages or home equity loans on owner-occupied, 1-to 4-family residential property loans whose LTV ratios equal or exceed 90 percent should have appropriate credit support, such as mortgage insurance, readily marketable collateral, or other acceptable collateral" (Federal Reserve Board, Banking Supervision and Regulation SR Letter 99-26). If these loans do not have appropriate credit support, then they should be identified in the institution's records, their total amount should not exceed 100 percent of the institution's total riskbased capital, and the permanent credit file should set forth the relevant credit factors (e.g., credit score or debt-to-income ratio) that justified the underwriting decision.
44. We take the aggregate mortgage debt for these types of mortgages (from the Federal Reserve's Flow of Funds accounts) and divide it by the average loan amount (using LoanPerformance Corporation data).
45. The method used to impute credit scores from Survey of Consumer Finances data is described in Barakova, Bostic, Calem, and Wachter (2003) . 46. For this analysis, we adjusted the proprietary credit risk scores assigned to individuals in the national sample of credit scores to match the distribution of FICO credit history scores for which information is publicly available (see Avery, Calem, and Canner, 2004) . The Survey of Consumer Finances (SCF) is used to derive the proportion of mortgage holders in each credit score -LTV category. These proportions are then adjusted to match the national distribution of credit scores and the national distribution of LTVs using a least-squares algorithm. We assume that the shares of the population in LTV cells with credit scores of less than 580 are equal because there are so few households in the SCF (and thus in the mortgage-holding population) that have such low scores.
47. These comparisons are conducted assuming that the leverage requirement on depositories does not influence adopters' decisions in mortgage markets at the margin. This assumption implies that the changes in marginal capital requirements under Basel II are important and yields calculations of larger potential effects of Basel II implementation on mortgage pricing than otherwise. If the leverage requirement influences adopters' decisions at the margin, Basel II implementation would have smaller effects than projected.
-49-48. In the bottom panel of figure 2 , the Basel II capital requirement is lower than the minimum capital requirement for both the nonadopters and the GSEs for borrowers with a probability of not defaulting on their loan greater than q 2 . For the market segments in figure 5 , this corresponds to the dark gray regions.
49. In the bottom panel of figure 2 , prudent economic capital is greater than 4 percent for borrowers with a probability of not defaulting on their loan less than q 0 . For market segments in figure 5 , this corresponds to the light gray regions.
50. See also Gates, Perry, and Zorn (2002) as well as Cutts, Van Order, and Zorn (2001) .
51. Roughly 15 to 20 percent of these mortgages carry private mortgage insurance, suggesting that the capital needs of the PMI companies also play a role in determining the total cost of the mortgage to the borrower (see Canner and Passmore, 1996) . In addition, some borrowers now obtain a second mortgage to cover some or all of the down payment (so-called "80- 10-10s" and "80-15-5s") . Almost all of these borrowers are prime borrowers.
52. Two basis points was derived in the following manner. Twenty basis points is the median estimated prudent capital required for prime loans (see lower left-corner of figure 5 ). This estimate is multiplied by 8.8 percent, which is the maximum carrying cost of capital calculated in section 2.4, yielding 1.76 basis points.
53. Ideally, one would want to subtract expected losses from net income. Fannie Mae's actual losses have been around 0.6 basis points for some time (even during the past recession). Thus, using this figure probably approximates the expected loss rather well. But to provide a conservative comparison, we will use 12 basis points (rather than 12.8 basis points) as the net income figure. 54. The equity premium for GSEs would also range between 2.7 and 8.8 percentage points and, given that the GSEs minimum capital cost is 45 basis points, their competitive capital carrying cost would range between 1.22 (i.e., 0.027•45) and 3.96 (i.e., 0.088•45) basis points.
55. Our calculations appear to be consistent with OFHEO calculations. OFHEO estimates that the average guarantee fee ranges from 20 to 24 basis points and the costs related to GSE guarantee activities range between 11 and 19 basis points. These costs include estimates of credit losses (in the 3 to 5 basis point range), administrative costs (in the 5 to 8 basis point range), and equity capital costs (in the 5 to 8 basis point range). See Inside Mortgage Finance (January 21, 2005, p. 6).
56. In the prime market, over 40 percent of ARMs are not securitized whereas about 25 percent of fixed-rate mortgages are not securitized.
57. Since some institutions are among the largest bank-holding companies and are also very active in mortgage markets, they are in more than one group. There are 26 institutions in total.
58. As discussed in Calem and LaCour-Little (2004) , the use of a single risk-factor model in the Basel II framework "is a significant omission in the case of mortgages." For subprime mortgages in particular, the internal ratings-based approach may be limited by the use of a single systematic risk factor (as discussed in Gordy (2003) ), thereby perpetuating regulatory capital arbitrage.
59. In addition, the models used by adopters may be more conservative than the FRB model. See, for example, Kupiec (2005) .
60. In fact, Edelberg (2003) uses data from Surveys of Consumer Finances (1983 Finances ( -1998 and data on bankruptcy from the Michigan Panel Study of Income Dynamics to provide evidence that lenders have increasingly used risk-based pricing of interest rates in mortgage markets as data storage costs have fallen and underwriting technologies have improved.
61. In contrast, "undercapitalized" depositories have a tier 1 risk-based capital ratio under 4 percent, a total risk-based capital ratio under 8 percent, or a tier 1 leverage ratio under 4 percent (3 percent for most depositories that have a composite supervisory rating equal to one).
62. As indicated above, banks with a supervisory rating equal to one are subject to a minimum leverage ratio of 3 percent. For lower-rated institutions, however, the minimum tier 1 leverage ratio is 3 percent plus an additional cushion of at least 100 to 200 basis points.
